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^ (57) Abstract: The present invention relates to a novel crystalline form of cefdinir, process for its preparation and to a pharmaceu- 
O tical composition containing it Thus, cefdinir is added to water at 20 - 25 °C and then hydrochloric acid (18 %) is added at 20 - 25 
O °C to get a clear solution. To the solution activated carbon is added at 20 - 25 °C, stirred for 30 minutes, filtered through hyflo bed 

and washed with water. Then the pH of the filtrate is adjusted to 6.5 with saturated bicarbonate solution at 5 - 8 °C, stirred for clear 
Q solution, activated carbon is added and stirred for 30 minutes at 5 - 8°C. The reaction mass is filtered through hyflo bed, washed 
^ with water, 1:1 sulfuric acid is dumped to the above solution at 5 - 8 °C (pH: 2.8) and then stirred for 60 minutes at 3 O °C. The 

resulting solid is filtered, washed with water and dried at 40 °C under vacuum to give cefdinir form H. 
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A NOVEL CRYSTALLINE FORM OF CEFDIN1R 

FIELD OF THE INVENTION 

5 The present invention relates tc a novel crystalline form of cefdinir, to a process 

for its preparation and to a pharmaceutical composition comprising it 

BACKGROUND OF THE INVENTION 
U.S. Patent No. 4,559,334, which is herein incorporated by reference, disclosed 
10 7-subslitiited-3-vinyl-3-cephem compounds and their pharmaceutical^ acceptable salts; 
and their antimicrobial activity. Apong them Cefdinir, chemically (6R,7R)-7-fI(2ZH2- 
amlno^thiazolyl)(hydroxyimino)^^ 

^ttcydo[4.2.01oct-^-en<2-ii-cart)oxyiic acid is a third generation cephalosporin 
antibiotic for oral administration and has a broader antibacterial spectrum than other 
15 orally administrable antibiotics. Cefdinir is particularly effective against staphylococci and 
streptococci. Cefdinir is represented by the following structure: 




COOH 



As per the process described for preparation of cefdinir in U.S. Patent No. 
20 4,559,334, cefdinir is obtained as amorphous solid. 

U.S. Patent No. 4,935,507 described crystalline form of cefdinir and may be 
designated as form A. The PCT Publication No. WO 98/45299, U.S. Patent Application 
No. 2004/0242556 A1, PCT Publication No. WO 2004/104010 A1 and U.S. Patent 
Application No. 2003/0204082 A1 described monohydrate crystalline form of cefdinir and 
25 may be designated as form B. The PCT Publication No. WO 2004/046154 A1 described 
amorphous cefdinir hydrate. U.S. Patent No. 4,935,507 and U.S. Patent Application No. 
2004/0210049 A1 described processes for obtaining some salts of cefdinir such as 
hydrochloric acid, sulfuric acid, methanesulfonic acid and p-toluenesulfonic acid salts. 
The PCT Publication No. WO 98/45299 disclosed crystalline solid of cefdinir 
30 dicyclohexylamin^ rait 

Still there is a need for crystalline form of cefdinir, which can be produced 
consistently by simple procedures. 
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DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention, there is provided a novel crystalline 
form of cefdinir, designated as cefdinir form H and typical X-ray powder diffraction 
spectrum of cefdinir form H is shown in figures 1 and 2. 
5 Cefdinir form H is cnaractenzea by peaks in the powder X-ray diffraction pattern 

having 29 angle positions at about 8.4, 10.6, 11.9, 14.1, 15.1, 21.3, 23.7, 25.8 and 
27.5+0.2 degrees. 

According to one aspect of the present invention, a process is provided for 
preparation of cefdinir form H, which comprises: 
10 a) providing an aqueous solution of a cefdinir salt having a pH above 5.0; 

. b) adding the above solution to a calculated quantity of an aqueous solution of a 
mineral acid so as to obtain the reaction mass having the oH of 1 .5 - 3.5; 

c) if required adjusting the pH to 2 - 3 with an acid or a base; and 

d) isolating cefdinir form H. 

15 Preferably the pH of the solution in step(a) is adjusted to 5.0 to 10.0 and more 

preferably to 6.0 to 1 0.0. 

The aqueous solution of a cefdinir salt may be obtained by dissolving cefdinir 
salt in water and adjusting the pH with an acid or a base if necessary by conventional 
means. The aqueous solution of a cefdinir salt may be obtained by converting cefdinir in 
20 an aqueous medium to the cefdinir salt and adjusting the pH with an acid or a base if 
necessary by conventional means. 

The preferable salts used are amine salts such as dicycbhexylamine salts, 
mineral acid salts such as hydrochloric acid, sulfuric acid, phosphoric acid salts. pH of 
the aqueous solution may be adjusted to the desired value using an acid or a base as 
25 appropriate. An organic or inorganic acid or base may be used. Preferably aqueous 
. sodium carbonate, sodium bicarbonate, hydrochloric acid or sulfuric acid solutions may 
be used. 

Preferable mineral acid used in step(b) is sulfuric acid, hydrochloric acid or 
phosphoric acid. More preferable mineral acid is sulfuric acid or hydrochloric acid. 
30 Preferably dilute aqueous acid is used to adjust the pH. 

If the pH of the reaction mass obtained above in step (b) is out side the pH 
range of about 2-3, then pH has to be adjusted to 2 - 3 with an acid or a base as 
appropriate (step c). 

The precipitated cefdinir form H Is isolated by filtration or centrifugation. 
35 Aca>r&ng to another aspect of the present invention, a process is provided for 

preparation of cefdinir form H, which comprises: 
a) providing an aqueous solution of a cefdinir salt having a pH above 5.0; 
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b) dumping a calculated quantity of an aqueous solution of a mineral acid to the above 
solution with stirring at high runs per minutes (RPM) so as to obtain a reaction mass 
having the pH of 1.5-3.5; 

c) if required adjusting the pH to 2 -3 with an acid or a base; and 
5 d) isolating refoinir form H. 

Preferably the pH of the solution in step(a) is adjusted to 5.0 to 10.0 and more 
preferably to 6.0 to 10.0. 

The aqueous solution of a cefdinir salt may be obtained by dissolving cefdinir 
salt in water and adjusting the pH with an acid or a base if necessary by conventional 
10 means. The aqueous solution of a cefdinir salt may be obtained by converting cefdinir in 
an aqueous medium to the cefdinir salt and adjusting the pH with ah acid or a base if 
necessary by conventional means. 

The preferable salts used are amine salts such as dicyclohexylamine salts, 
mineral add salts such as hydrochloric acid, sulfuric acid, phosphoric acid salts. pH of 
15 the aqueous solution may be adjusted to the desired value using an acid or a base as 
appropriate. An organic or inorganic acid or base may be used. Preferably aqueous 
sodium carbonate, sodium bicarbonate, hydrochloric acid or sulfuric acid solutions may 
be used. 

Preferable mineral acid used in step(b) is sulfuric acid, hydrochloric acid or 
20 phosphoric add. More preferable mineral add is sulfuric add or hydrochloric add. 

The aqueous add should be dumped at once (step b) and the operation should 
be carried out at high RPM to ensure thorough mixing of the contents. 

If the pH of the reaction mass obtained above in step (b) is out side the pH 
range of about 2-3, then pH has to be adjusted to 2 - 3 with an add or a base as 
25 appropriate (step c). 

The precipitated cefdinir form H is isolated by filtration or centrifugation. 
Form H obtained as described above processes has water content of 12 - 25% 
by weight and form H shows the same characteristic powder X-ray diffraction pattern 
throughout this water content range. 
30 Cefdinir or ifs salts used as starting materials may be obtained by processes 

described in the art, for example by the processes described in U.S. Patent No. 
4,559.334, U.S. Patent No. 4,935,507, WO 98/45299, U.S. Patent Application No. 
2004/0242556 A1, WO 2004/104010 A1, U.S. Patent Application No. 2003/0204082, 
WO 2004/046154 A1 and U.S. Patent Application No! 2004/0210049 A1 . 
. 35 \ u& novel crystalline form can be produced consistently mprodjtibte by simple 

procedures. The novel crystalline form is obtained polymorphically pure with no or less 
contamination with other crystalline forms. 
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The novel crystalline form of ceftfinir, form H is useful for preparing 
pharmaceutical compositions having antibacterial activity. The antibacterial activity of 
cefdinir is described in U. S. Patent No. 4,559,334 and incorporated herein by reference. 
According to another aspect of the present invention there is provided a 
5 pharmaceutical composition comprising crystalline cefdinir form H and a 
pharmaceutical^ acceptable carrier. 

■ BRIEF DESCRIPTION OF THE DRAWING 
Figure 1 is an X-ray powder diffraction pattern of crystalline cefdinir form H of 
the invention obtained as per the procedure described in example 1. 
10 Figure 2 is an X-ray powder diffraction pattern of crystalline cefdinir form H of 

the invention obtained as per the procedure described in example 3. 

Figure 3 shows the X-ray powder diffraction patterns of the cefdinir form H, form . 
A and form B. 

X-Ray powder diffraction spectrum was measured on a Broker axs D8 advance 
15 x-ray powder diffractometer having a Copper-Ka radiation. Approximately 1 gm of 
sample was gently flattened on a sample holder and scanned from 2 to 50 degrees two- 
theta, at 0.03 degrees two-theta per step and a step time of 0.5 seconds. The sample 
was simply placed on the sample holder. The sample was rotated at 30 rpm at a voltage 
40 KV and current 35 mA. 
20 The following examples are given for the purpose of illustrating the present 

invention and should not be considered as limitations on the scope or spirit of the 
invention. 

Example 1 

25 Step-I: 

7-Amino^vinyl-3-<^hem-4-cart)oxylic acid (40 gm) and 2-mercapto-1 f 3- 
benzothiazolyK^2^2^minothta^ (80 gm) are added 

to tetrahydrofuran (400 ml), stirred for 10 minutes, water (200 ml) is added at 25°C and 
then the contents are cooled to 15 - 20°C. Triethylamine (20 gm) is added and stirred for 

30 3-4 hours at 15 - 20°C. To the reaction mass methylenedichloride (400 ml) is added at 
15 - 20°C, stirred for 15 minutes and separated the organic layer. Aqueous layer is 
treated with activated carbon (4 gm) for 30 minutes while degassing. Filtered over hyflo 
bed and adjusted the pH of the aqueous layer to 8.1 - 8.5 with KzCO* solution. 
Ammonium chloride (26.5 gm) is added and stirred at 20 - 25°C for 30 minutes while 

35 maintaining the pH at 8.0 - 8.2. The temperature & raised t r 35 - 40°C, pH is adjusted to 
2.4 - 2.5 with 50% sulfuric acid and stirred for 2 hours at the same temperature. Filtered 
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the solid, washed with water (400 ml) and dried under vacuum at 40 - 4S°C to give 60 

gm of crude cefdinir (HPLC purity: 98.1%). 

Steo-ll: 

Cefdinir (obtained in step-l) is added to a mixture of water (120 ml) and acetone 
5 (600 mi) at 25 - 28°C. Dicyclohexylamine (28 gm) is added to the contents and stirred for 
30 minutes at 25 - 28°C (dicyclohexylamine salt of cefdinir precipitates). Then acetone 
(600 ml) is added to the reaction mass to complete the' precipitation and cooleb to 0 - 
5°C: Filtered the solid, washed with acetone (200 ml) and dried under vacuum at 40 - 
45°C to give 90 gm of cefdinir dicyclohexylamine salt (HPLC purity: 99.2%) 
10 Step-Ill: 

Cefdinir dicyclohexylamine salt (10 gm, obtained in step-H) to ***** to water 
(150 ml) at 25 r 30°C, the temoerature is raised to 35°C and stirred for 1 5 minutes at 35 - 
40°C. Then activated carbon (1.0 gm) is added to the reaction mass at 35 - 40°C, stirred 
for 30 minutes at the same temperature, filtered through hyflo bed and washed with 

15 water (20 ml). Then the filtrate (pH: 6.8) is added to a solution of aqueous sulfuric acid 
(50 ml of water ♦ 1 ml of 1 :1 H&O*) at 35 - 40°C (pH of the resulting mass: 3.2), the pH 
is adjusted to 2.5 with sulfuric acid and stirred for 30 minutes. The resulting solid is 
filtered, washed with 50 ml of water and dried under vacuum at 40°C to give 5.5 gm of 
cefdinir .form H (Moisture Content 14.5%, HPLC purity: 99.7%). 26 Values and their 

20 relative intensities of significant peaks of X-ray diffraction spectrum are listed in table -1 . 



TABLE -1 



26 (degree) 


Relative Intensity (%) 


8.4 


30.0 


10.6 


100 


11.9 


32.1 


14.1 


50.2 


15.1 


49.4 


21.3 


33.5 


237 


34.4 


25.8 


37.9 


27.5 


51.5 



Example 2 

25 Cefdinir dicyclohexylamine salt (10 gm) is added to water (175 ml) at 25 - 30°C, 

the temperature is raised to 35°C and stirred for 15 minutes at 35 - 40°C. Then activated 
carbon (1 .0 gm) is added to the reaction mass at 35 - 40°C, stirred for 30 minutes at the 



5 



WO 2006/117794 



PCT/IN2005/000135 



same temperature, filtered through hyflo bed and washed with water (20 ml). The filtrate 
(pH: 7.1) is charged into a round bottom flask, the temperature is raised to 35°C and 
then 3.5 ml of sulfuric acid (1 part cone. HjSO* 4 parts water by weight) is dumped at 
high RPM (1500 to 2000 RPM).at 35 - 40°C (pH of the resulting mass: 3.0). Then the pH 
5 of the reaction mass is adjusted to 2.5 with sulfuric acid (1 part H2SO4, 4 parts water by 
weight) and stirred for 30 minutes at 35 - 40°C. The resulting solid is filtered, washed 
with 50 ml of water and dried under vacuum at 40°C to give 5.4 gm of cefdinir form H 
(Moisture content 16.5%, HPLC purity: 99.8%) 

10 Example 3 

Cefdinir (10 gm) is added to water (150 ml) at 20 - 25°C and then aqueous 
hydrochlorip ackl;Xja%) is added at 20 - 2S°C to get a clear solution. To the solution 
activated carbon (2.0 gm) is added at 20 - 25°C, stirred for 30 minutes, filtered through 
hyflo bed and washed with water (20 ml). Then the pH of the filtrate is adjusted to 6.5 

15 with saturated bicarbonate solution at 5 - 8°C, stirred for clear solution, activated carbon 
(1.0 gm) is added and stirred for. 30 minutes at 5 - 8°C. The reaction mass is filtered 
through hyflo bed, washed with water (20 ml), 1 ml of 1:1 sulfuric acid is dumped to the 
above solution at 5 - 8°C (pH of the resulting mass: 2.8) and then stirred for 60 minutes 
at 3 - 5°C. The resulting solid is filtered, washed with water (50 ml) and dried at 40°C 

20 under vacuum to 6.9 gm of give cefdinir form H (Moisture Content 18.4%, HPLC Purity: 
99.9%) 
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We claim: 

1 . A crystalline cefdinir form H, characterized by an X^ray powder diffraction spectrum 
having peaks expressed as 20 at about 8.4, 10.6, 1 1.0, 14.1, 15.1, 21.3, 23,7, 25.8 

5 and Xt. 6+0.2 degrees. 

2. A crystalline cefdinir form H, further characterized by having water content of 12 - 
25%. 

3. A process for preparation of cefdinir form H as defined in claim 1 , which comprises: 
a) providing an aqueous solution of a cefdinir salt having a pH above 5.0; 

10 b) adding the above solution to a calculated quantity of an aqueous solution of a 
mineral add so as to obtain the reaction mass having the pH of 1 .5 - 3.5; 

c) if required adjusting the pH to 2 - 3 with an acid or a base; and 

d) isolating cefdinir form K 

4. The process as claimed in claim 3, wherein the pH of the solution in step(a) is 
IS adjusted to 5.0 to 10.0. 

5. The process as claimed in claim 4, wherein the pH of the solution is 6.0 to 10.0. 

6. The process as claimed in claim 4, wherein the pH of the aqueous solution is 
adjusted using an acid or a base. 

7. The process as claimed in claim 6, wherein the acid is an organic or inorganic acid. 
20 8. The process as claimed in claim 7, wherein the inorganic acid is hydrochloric acid or 

sulfuric acid. 

9. The process as claimed in claim 6, wherein the base is aqueous sodium carbonate 
or sodium bicarbonate. 

10. The process as claimed in claim 3, wherein the aqueous solution of a cefdinir salt is 
25 obtained by dissolving cefdinir salt in water and adjusting the pH if necessary. 

11. The process as claimed in claim 3, wherein the aqueous solution of a cefdinir salt is 
obtained by converting cefdinir in an aqueous medium to the cefdinir salt and 
adjusting the pH if necessary. 

12. The process as claimed in claim 3, wherein the salt used in step (a) is an amine salt 
30 or a mineral acid salt 

13. The process as claimed in claim 12, wherein the amine salt is dicyclohexyiamine 
salt 

14. The process as claimed in claim 12, wherein the mineral acid salt is selected from 
hydrochloric add, sulfuric acid and phosphoric acid. 

35 15. The process as claimed In claim 3, wrawan th* itinera! acatf used in step(b) is 
selected from hydrochloric add, sulfuric acid and phosphoric add. 



7 



WO 2006/117794 



PCT/EH2005/000135 



16. The process as claimed in claim 15, wherein the mineral acid used.is hydrochloric 
acid or sulfuric acid. . 

17. The process as claimed in claim 3, wherein cefdinir form H is isolated by filtration or 
centrifugation. 

5 i a. A process for preparation of cefdinir form H as defined in claim 1 , which comprises: 

a) providing an aqueous solution of a cefdinir salt having a pH above 5.0; 

b) dumping a calculated quantity of an aqueous solution of a mineral acid to the 
above solution, with stirring at high runs per minutes (RPM) so as to obtain a 
reaction mass having the pH of 1 .5 - 3.5; 

10 c) if required adjusting the pHto2- 3 with an acid or abase; and 
d) isolating . cefdinir fbmiH. , * 

19. The process as claimed in claim 18, wherein the pH of the solution in step(a) is 
adjusted to 5.0 to 10.0. 

20. The process as claimed in claim 19, wherein the pH of the solution is 6.0 to 10.0. 

15 21. The process as claimed in claim 19, wherein the pH of the aqueous solution is 
adjusted using an acid or a base. 

22. The process as claimed in claim 21 , wherein the acid is an organic or inorganic acid. 

23. The process as claimed in claim 22, wherein the inorganic acid is hydrochloric acid 
or sulfuric acid. 

20 24. The process as claimed in claim 21 , wherein the base is aqueous sodium carbonate 
or sodium bicarbonate. 

25. The process as claimed in claim 18, wherein the aqueous solution of a. cefdinir salt 
is obtained by dissolving cefdinir salt in water and adjusting the pH if necessary. 

26. The process as claimed in claim 18, wherein the aqueous solution of a cefdinir salt' 
25 in step (a) is obtained by converting cefdinir in an aqueous medium to the cefdinir 

salt and adjusting the pH if necessary. 

27. The process as claimed in claim 18, wherein.the salt used in step (a) is an amine 
salt or a mineral acid salt 

28. The process as claimed in claim 27, wherein the amine salt is dicyclohexylamine 
30 salt 

29. The process as claimed in claim 27, wherein the mineral acid salt is selected from 
hydrochloric acid, sulfuric acid and phosphoric acid. 

30. The process as claimed in claim 18, wherein the mineral acid used in step(b) is 
selected from hydrochloric acid, sulfuric acid and phosphoric acid. 

35 31. The process as claimed &i dasro 30 wherein the mine^ acid used is hydrochloric 
acid or sulfuric add. 
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32. The process as claimed in claim 1&, wherein precipitated ceMinir form H is isolated 
by filtration or centrifugation. 

33. A pharmaceutical composition comprising crystalline cefdinir form H of claim 1 and a 
pharmaceutical^ acceptable excipeint 
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